This paper sheds light on the differences and similarities in natural gas trading at the National Balancing Point in the UK and the Henry Hub located in the US. For this, we analyze traders' expectations and implement a mechanical forecasting model that allows traders to predict future spot prices. Based on this, we compute the deviations between expected and realized spot prices and analyze possible reasons and dependencies with other market variables. Overall, the mechanical predictor performs well, but a small forecast error remains which can not be characterized by the explanatory variables included.
Introduction
The recent developments of financial markets, but also the financial crisis, have raised the question of the efficiency of certain market places and the predictive performance of futures forecasting subsequent spot prices. Especially, for the developing European energy and natural gas market it is an important topic to analyze possibly existing restrictions and market frictions in order to derive possible policy recommendations to stipulate further development. To provide the reader with a broader understanding of differences between developed and a developing natural gas market, we incorporate in our analysis the most liquid European hub for natural gas (National Balancing Point) as well as the most liquid trading place for natural gas located in the US (Henry Hub).
Natural gas futures contracts provide market participants with a risk management tool, in which the buyer of the contract reduces the risk of price fluctuations of the future spot price by locking in a secured price level at the termination of the futures contract. In an efficient commodity market, futures prices deem as appropriate forecast for the future spot price. Hence, the informational content of futures prices is important, as these prices influence the ability of market participants to predict future spot prices (Note 1). A well-known theory addressing this is given by the unbiasedness hypothesis (UH) which states that rational risk neutral agents should come up with perfect forecasts on futures spot prices (see Taylor, 1995) . When testing the UH we analyze whether or not futures prices consistently over-or underpredict the future price level of the spot product. In case the UH is rejected, the reasons could be manifold, as for example a biased information set, market frictions given by regulations or an existing risk premium in the market (see for example Kaminsky & Kumar, 1990; Krehbiel & Adkins, 1993; Beck, 1994) . Moreover, if the UH does not hold, the bias causes significant costs for hedging and diversification, as shown by Chang (1985) or Roon et al. (2000) .
The empirical literature on the unbiasedness of the European natural gas markets is rather scarce in comparison to the US. Empirical studies dealing with the unbiasedness hypothesis and the existence of a risk premium implied in US natural gas markets are given by , , or Wei & Zhu (2006) . find evidence that natural gas futures contracts traded at Henry Hub (HH) are biased predictors of future spot prices at termination for contracts ranging from 3 to 12 months. In a second study (see , the authors highlight the fact that spot and futures prices are non-stationary and, thus, conventional econometric techniques cannot be applied to test the UH. Furthermore, find that with increasing contract length also the pricing bias in the futures contract rises which could be an indicator for a time-varying risk premium. For natural gas forward contracts at HH, Wei & Zhu (2006) find that forward contracts are biased predictors of future spot prices and conclude that there exists a time-varying risk premium. For Europe Hobaeck-Haff et al. (2008) find that prices of forward contracts ranging from one to five months and spot prices are cointegrated and that forward prices are biased predictors of the future spot price. Furthermore, they find a significant positive risk premium inherent in UK natural gas forward markets at the National Balancing Point (NBP). The study of Cartea & Williams (2008) investigates UK forward and spot gas prices at NBP and focuses on the interdependency between risk premium and inventory levels. Cartea & Williams (2008) highlight that the short-term market price of risk is mainly determined by deviations from expected seasonal storage levels.
In this line of reasoning but with respect to other markets Switzer and El-Khoury (2007) investigate the efficiency of futures contracts on light sweet crude oil traded at the New York Mercantile Exchange (NYMEX) and find that futures prices are cointegrated with the subsequent spot price. They reveal that the efficiency in this market is time-dependent and improved significantly over time. However, a study conducted by Shambora & Rossiter (2007) rejected the hypothesis of efficient crude oil futures contracts traded at the NYMEX. Moreover, analyzing weekly WTI and Brent crude oil futures and spot prices, Maslyuk & Smyth (2008) find that these markets can be considered as weakform efficient in the sense of Fama (1970) . Alvarez-Ramirez et al. (2008) confirm this results and investigate the improvement of efficiency over time and find consistent with Maslyuk & Smyth (2008) that the crude oil markets converged to a state of weak-form efficiency.
Based on these studies, our analysis emphasizes the predictive performance of the futures with different maturities for the future spot price. We find that for both markets the corresponding futures and spot prices share a common stochastic trend, however, the observable futures prices are only biased predictors such that the UH has to be rejected for NBP and HH. In a second step, we implement a mechanical predictor that allows market participants to predict the future spot price and the according risk premium at every day within a futures' maturity and, thus, with increasing information set. Our model provides rather good estimates for the uncertain future spot prices although a certain forecast error remains. In a third step, we analyze possible driving factors for the forecast error between realized and expected spot prices. We find that the forecast error can partly be explained by the included influencing variables.
Overall, the contribution of this article is threefold. First, we contribute to the existing literature by empirically testing the short-and long-run unbiasedness relationship of futures and spot prices traded at NBP and HH. For this, we investigate on the basis of the corresponding natural gas price series the appropriate econometric evaluation process to test whether market participants are endowed with rational expectations and are risk neutral on the short-and long-term. Secondly, we allow market participants to form expectations on the future spot prices with respect to the dynamic behavior of the data set and an inherent risk premium in the markets for natural gas. This requires the implementation of a mechanical prediction technique given by the state-space model (SSM) using the Kalman filter technique. Lastly, we determine the differences between realized and expected future spot prices, also known as forecast errors, and study its relationship to other market variables. To our knowledge we are the first to investigate the stochastical properties of the natural gas futures markets at HH and NBP with an integrated approach.
The remainder of this article is organized as follows. The next section outlines the test procedure for the unbiasedness hypothesis. Section 3 describes the data and the natural gas trading hubs, and highlights the evolution of spot and futures prices. In Section (4) we describe the results of the empirical tests on the unbiasedness hypothesis for the markets considered in this study. In the second part of the paper starting with Section (5), the expected future spot price and the expected risk premium are determined with respect to the Kalman filter forecasting procedure. Furthermore, we outline the empirical methodology to analyze the factors that affect the forecast error and their impact deduced from existing empirical evidence. Finally, Section (7) draws together the main findings and discusses the considerable and significant impact of the empirical results.
The Unbiasedness Hypothesis
Under the assumption of unbiased expectations, the information set at time t-1 available to market participants (denoted by Ω ) should fully reflect all information about historical and current futures and spot prices, as well as the stochastic price process of the underlying commodity. As a result, the current futures price should be an unbiased predictor of the corresponding future spot price at maturity, such that on average the difference between the price of the spot product at maturity and the price of the corresponding futures contract at time t-1 should be equal to zero. In this context, Hsieh & Kulatilaka (1982) , Lai & Lai (1991) , and Moosa & Al-Loughani (1994) conclude that the UH is associated with the fact that there exists no strategy from which market participants can benefit continuously by speculating in the futures market on the future spot price. This implies further all variables included in the information set have to be uncorrelated with the forecast error.
Thus, in line with Geman (2005) the futures-spot-price-relation can be stated by:
with as the futures price at issuance, as the spot price at the futures' termination, whereas expresses the expectations operator under the risk-neutral probability measure Q (Note 2). Following this assumption, we can state that:
with representing the rational expectations error term with zero mean and finite variance ( [ ] = 0).
Nevertheless, if the assumption of risk-neutrality is violated and market participants are risk averse we have to include a measure of risk for the arising uncertainty. This uncertainty is mainly explained by irrational expectations of market participants or a persistent nonzero risk premium (Note 3). Hence, Equation (1) can be modified to:
with as the risk premium which can be further specified by the following equation (see Moosa & Al-Loughani, 1994 ):
with µas the mean of the risk premium process and as the error term with zero mean and finite variance (white noise).
Thus, in line with Cornell (1977) , Frenkel & Mussa (1980) , Hsieh & Kulatilaka (1982) , Crowder & Hamed (1993) , Moosa & Al-Loughani (1994) , Kellard et al. (1999) , McKenzie & Holt (2002) , and Haugom & Ullrich (2012), we substitute Equation (4) into (3) and reshuffle terms which allows us to test the UH with the following equation which is in general specified in logarithms (Note 4):
Hence, the log futures price ( ) is an unbiased predictor of the log of if the joint hypothesis that = 0 and = 1 holds. Additionally, the futures contract can also be considered as an efficient predictor if the error term does not contain price sensitive information (Note 5).
In line with Elam & Dixon (1988) , several studies identify that financial price series are non-stationary, such that a standard F-Test is not appropriate to examine whether the UH is accepted or rejected. As a consequence, a stationarity test has to be conducted to determine the order of integration of the different price series. In case the price series are stationary, the UH could be verified by running a standard OLS-regression on Equation (5) (Note 6). Under absence of stationarity, the cointegration relations between spot and futures prices has to be analyzed (Note 7). In this case the Johansen Full Information Maximum Likelihood approach (see Johansen, 1996) can be applied to test for cointegration (longrun relationship between variables) which is based on the Vector Error Correction model framework (VECM) of a Vector Autoregressive model (VAR) and takes the following generalized form:
where represents the m-vector of endogenous (non-stationary) variables of k lags, ∆ corresponds to the first difference term, and the matrix highlights the long-run dynamics of the process . Furthermore, captures the short-run dynamics, and corresponds to the i.i.d. Gaussian error term (Note 8).
If there is no strong evidence against a long-run equilibrium, we are able to test also a short-run regression relating the change in spot price to the cointegration relation and the lagged changes in spot and futures prices:
where ∆ represents the first difference operator of the spot price series, the cointegrating vector, and ∆ as well as ∆ the lags of changes in the futures and spot prices.
Nevertheless, this type of analysis cannot be applied to estimate the short-run relationship between two series if the data are sampled more frequently than the length of a certain futures contract. As this is the case for the sample used in this article, we have to shorten the series significantly, such that we end up with 12 observations per year for a futures with 1 month maturity, 6 observations for a futures with 2 months maturity, and 4 observations for the 3 months maturity futures contracts. For this the notationallycorrected cointegration regression becomes:
Herein, we match the futures price at initiation ( − ) with the spot price at the futures final termination ( ). To clarify the approach taken here, we have to understand that the lag suggested by Equation (5) is different for each futures considered and depending on the futures contract length. Based on this, we also have to rewrite Equation (7) in order to end with a quasi-VEC model as suggested by Kellard et al. (1999) :
which can be further solved for :
Kellard et al. (1999) show that if there exists a long-run equilibrium, it is permissible to run an additional regression on the lagged changes in spot and futures prices as given by Equation (9) in which , and are employed to test whether the markets are unbiased in the short-run. For this the following restrictions have to hold: = −1 as well as = ≠ 0 and = = 0 ∀ ≥ 2 and ≥ 1 on Equation (10) (Note 9). The adjustment parameter indicates the speed of adjustment to the long-run equilibrium and implies that any disequilibrium reverts back to the long-run equilibrium. In case = −1 we observe an immediate reversion back to the long-run relationship between the price series.
represents the coefficient on the first difference of the futures price and if ≠ 0 any change in the futures price is reflected in ∆ (Note 10). Furthermore, the coefficients and define the significant lags ( ≥ 2 and ≥ 1) on the difference operators (∆) of the corresponding spot and futures price series included in the model. The latter constraint indicates that all past information should be incorporated in the first difference of the futures price and thus all significant lags are equal to zero.
Hubs and Data
The comparison of NBP and HH is motivated by the historical different evolution of these trading places for natural gas. In general, in Europe, the wholesale market for natural gas has a much shorter history than in the US, as its market opening traces back to an EU Directive 98/30/EC established in 1998. Before that, regulation in the EU member states was solely driven by national authorities. Consequently, the European wholesale market for natural gas is still developing. Nevertheless, only a small fraction of the gas consumed in Europe is traded via these hubs, which also explains the lower liquidity and churn rate at the European trading places when compared to the US. As a consequence, we base our study on the National Balancing Point which is the most liquid hub in Europe and a centralized point for natural gas spot and futures trading at the Intercontinental Exchange (ICE). According to a study by Prospex Research Ltd, approximately 80% of Europe's gas trading in 2010 took place in the UK. In North America, regulation started in 1985 with FERC Order No. 436, which enabled distribution companies to purchase gas directly from producers and separately pay the pipeline companies to transport the gas. This order also provided the regulatory framework for the formation of several trading points in the US. In a second step of market liberalization, FERC Order No. 636 was passed in 1992. Here, the lack of liquidity at the trading points lies in the center of the market adjustments. Due to this order, network operators are obliged to unbundle their sales and transport services to support the development of liquid trading places. One of these is the so-called Henry Hub in Louisiana, which was established in 1988. It is operated by Sabine Pipe, a subsidiary of Chevron Texaco, and connects nine states and four intrastate pipelines. HH is the largest centralized point for natural gas spot and futures trading at the NYMEX.
Overall, our data set comprises of spot and futures prices with maturities from one to three month, traded at ICE or NYMEX, respectively. The futures time series are generic and constructed by different consecutive futures contracts (Note 11).The data consists of end of day mid-quotes provided by Bloomberg. At NBP natural gas is traded in GBP/therm whereas in the United States the trading unit is given by USD/mmBtu. Due to data availability constraints and in order to facilitate the comparison of results between NBP and HH, the sample period spans from March 1997 to November 2012. Figure 1 shows the evolution of spot and futures prices traded at NBP. During the first and second quarter of the gas year 2006, two extraordinary peaks can be observed (Note 12). These peaks (on November 22nd, 2005 and March 13th, 2006) coincide with shortages in the Norwegian gas fields, accompanied by low temperatures across Europe at that time (see for example Neumann et al., 2008) . While both, spot and futures prices show the first peak, the second peak is only observable in the spot price series. Moreover, the impact of the financial crisis of 2008 is also evident, as this event led to a substantial decrease in natural gas prices. Apart from that, price differentials between spot and futures prices increase significantly around the beginning of each gas year. Table   F1m F2m As illustrated by Table 1 and 2, we see that as time to maturity increases, the mean increases whereas the volatility evolves rather stable. The minimum and maximum values for Europe are higher than for the US, which also results in higher volatility for the European market. We observe a negative excess kurtosis in both series considered, indicating a platykurtotic price series distribution. In addition, the descriptive statistics show that the skewness is positive for HH and mostly negative for NBP (HH shows longer right and NBP longer left tails). This indicates that the probability of observing extreme price levels is higher than in comparison to the normal distribution. This finding is also confirmed by the Jarque-Bera test statistic.
National Balancing Point-Preliminary Analysis
Many financial time series exhibit a non-stationary behavior and, thus, unit root or stationarity tests have to be applied. Thus, testing for the order of integration is the crucial step to determine the appropriate econometric model for the considered financial time series. In line with Siliverstovs et al. (2005) we implement the Augmented Dickey-Fuller test (ADF), the Phillips-Perron test (PP) as well as the Kwiatkowski-Phillips-SchmidtShin test (KPSS) to determine the order of integration of the considered natural gas price series at HH and NBP (Note 17). Moreover, the joint implementation of these tests is done to draw conclusions on the robustness of our results (Note 18). Table 3 reports the result of the ADF, PP and KPSS test in levels and first differences (Note 19). The null hypothesis that the series have a unit root (ADF and PP test) cannot be rejected for any price series in levels. Taking first differences leads to a rejection of the null hypothesis for all price series, which argues in favor of an integration of order 1. A similar picture occurs when we consider the KPSS test, where the null hypothesis that the gas price series are integrated with order 0 (stationarity) is rejected for all maturities and hubs. Hence, also for the KPSS test the corresponding gas price series are difference stationary and, thus, integrated with order 1 in levels. This finding is in line with Pindyck (1993) and other seminal papers and, thus, constitute a jms.ccsenet.org Journal of Management and Sustainability Vol. 7, No. 2; 2017 8 stylized fact of energy spot and futures data.
Empirical Results on the Unbiasedness of Futures Prices
The results of the unit root and stationary tests (as shown in Table 3 ) suggest that the UH in Equation (8) cannot be tested by applying a standard OLS-regression (Note 20). Thus, we have to follow the test procedure introduced in Section (2). First, a test on the number of cointegration relations is performed to determine whether natural gas price series are cointegrated or not (Note 21).In case price series share a common stochastic trend i.e. are cointegrated with at most one cointegrating relation ( ≤ 1), we proceed with step 2 in which we obtain the coefficients and from the corresponding normalized cointegrating vector ( ). In a final step, we impose restrictions on the cointegrating vector and the remaining variables of the VEC model to provide statistical inference on the question whether the spot and futures contracts traded at NBP or HH are unbiased in the short-and long-run.
The results of the cointegration test (based on the Johansen procedure) are reported in Tables (4) to (6) (Note 22). Note. ** indicate the rejection of the null hypothesis at the 5% significance level, and *** at the 1% significance level. reports the max-eigenvalue test statistic for the null hypothesis of no cointegration (r = 0).
reports the max-eigenvalue test statistic for the null hypothesis of at most one cointegration (r ≤ 1). The optimal lag length is chosen by the SC. reports the max-eigenvalue test statistic for the null hypothesis of no cointegration (r = 0).
reports the max-eigenvalue test statistic for the null hypothesis of at most one cointegration (r ≤ 1). The optimal lag length is chosen by the SC.
As indicated earlier, testing for cointegration at NBP initially requires the split of the spot and futures price series into Phase 1 and Phase 2 (Note 23). The analysis of the Phase 1 indicates that the null hypothesis of no cointegration ( : = 0) can be rejected for all price series, i.e., and are cointegrated with rank 1. For Phase 2 a slightly different picture occurs. Here only the 1 month relation between and is cointegrated at most with rank 1, whereas for longer maturities the null hypothesis of no cointegration and the null hypothesis of cointegration with at most rank 1 is rejected (Note 24). Kellard et al. (1999) identify a similar cointegration relation for live hogs. They state that the SC does on occasion, produce an overly parsimonious approximation of the underlying data process and, therefore, the analysis should be carried out in line with the lag length chosen by the unit root test. For 2 and 3 months maturities at NBP the results of the VEC model are sensitive to the chosen lag length. With a lag length of 6 or 5 the null hypothesis of cointegration with at most rank 1 is accepted for the 2 and 3 months spot-futuresrelation. Hence, we base our analysis of the cointegration relation between the spot and futures price series for Phase 2 on the chosen lag length of the ADF test (see Kellard et al., 1999 Note. ** indicate the rejection of the null hypothesis at the 5% significance level, and *** at the 1% significance level. reports the max-eigenvalue test statistic for the null hypothesis of no cointegration (r = 0).
For all natural gas price series at Henry Hub the analysis of the results indicates that the null hypothesis of no cointegration ( : = 0) can be rejected. Furthermore, the test statistics suggest that and are cointegrated at most with rank 1. This implies that the two variables never drift far apart, which is a necessary condition for the UH to hold in the long-run. However, the cointegration between spot and futures prices becomes weaker as the time to maturity increases (Note 25).
Based on the former results, we are able to investigate whether the long-run hypothesis of unbiasedness ( = 0 and = 1) and risk neutrality holds. The results of this test on basis of a likelihood ratio test statistic are reported in Tables (7) to (9). and are the normalized cointegrating parameters from the Vector Error Correction model (standard errors are reported in parenthesis). The Likelihood Ratio (LR) test statistics for testing the joint hypothesis of = 0 and = 1( ), and = 1 ( ) have a chi-square distribution with two or one degrees of freedom, respectively. The p-values of the LR test are reported in square brackets. and are the normalized cointegrating parameters from the Vector Error Correction model (standard errors are reported in parenthesis). The Likelihood Ratio (LR) test statistics for testing the joint hypothesis of = 0 and = 1( ), and = 1 ( ) have a chi-square distribution with two or one degrees of freedom, respectively. The p-values of the LR test are reported in square brackets.
For NBP, the null hypothesis ( ) that = 1 is accepted for the 1 and 2 months maturity (sub-sample prior the break in 2004) and after the second break for the 1 month futures contract, whereas the joint hypothesis of unbiasedness and risk neutrality ( = 0 and = 1 , ) is rejected for all futures-spot-relations in Phase 1 and accepted for the 1 month futures contract in Phase 2. However, the small number of observations and the rather low p-value of the according hypothesis test ( ) for Phase 2, does not allow to draw a final conclusion on the overall absence of a risk premium or the unbiasedness of the 1 month futures contract. In addition, these results indicate that 1 and 2 months futures contracts during Phase 1 are biased predictors, while for 3 months futures (Phase 1) as well as 2 and 3 months (Phase 2) contracts the restrictions on the slope coefficient ( ) is rejected such that no long-run biasedness relationship can be identified. Overall, this finding is in line with Hobaeck-Haff et al. (2008) who identified a time-varying risk premium in the UK natural gas forward markets. and are the normalized cointegrating parameters from the Vector Error Correction model (standard errors are reported in parenthesis). The Likelihood Ratio (LR) test statistics for testing the joint hypothesis of = 0 and = 1( ), and = 1 ( ) have a chi-square distribution with two or one degrees of freedom, respectively. The p-values of the LR test are reported in square brackets.
The null hypothesis ( ) that = 1 is cannot be rejected for HH at the 1% level. Moreover, testing for = 0 and = 1 ( ), simultaneously, indicates the rejection of the null hypothesis for all maturities considered. This finding implies that futures prices are solely biased predictors of the future spot price.
The characterized long-run equilibrium at NBP and HH enables us to identify the short-run unbiasedness for the considered futures and spot prices by a quasi-VECM setting (see Kellard et al., 1999) . We present the results of the short-term test on a pricing bias and inefficiencies in Tables (10) and (13) is the speed of adjustment back to the long-run equilibrium level. is the short-run relationship on the first difference of the futures price. and defines the lags (k = j >1) on the difference operators (∆) of the corresponding spot and futures price. The t-statistic of and are reported in parenthesis. Q() represents the Ljung-Box test statistic for serial correlation in the residuals. ARCH() denotes the statistical test for heteroskedasticity in residuals.
The test results for NBP presented in Table ( 10) clearly indicate that the adjustment term is significant (at least for the 1 and 2 months relationship in Phase1) for the considered maturities and exert the expected negative sign. This is in line with the findings from the cointegration test in Table ( 4) and highlights a mechanism of mean-reversion in the futures-spot-relationship for the considered maturities. In addition, we observe that certain lags of and are significant which clearly indicates that past information is not completely reflected by current price differentials (∆) and that these lags should be incorporated in order to improve the model. Thus, the forecasting of futures spot prices is improved by using past futures and spot price information. The estimation results of highlight a significant short-run relationship with the according expected positive sign. A positive magnitude of highlights that spot markets are systematically led by the futures market (and vice versa for a negative sign). This lead-lag relationship between futures and spot markets could be due to the fact that trading in futures contracts is less expensive than compared to the spot markets and, thus, price discovery and processing of information takes place faster in the futures market. Furthermore, we applied a Ljung-Box test to account for jms.ccsenet.org Journal of Management and Sustainability Vol. 7, No. 2; serial correlation patterns and an ARCH LM test to control for potential heteroskedasticity in the residuals. As our results suggest, the selected model captures the dynamics of the changes the spot price (∆ ) for all considered short-run relationships quite well. 
at the 10% significance level, whereas two and three asterisks indicate the acceptance at the 5% and 1% significance level.
The test results of (hypothesis of efficiency and risk neutrality) are reported in Table (11) . For all considered contracts and Phases the null hypothesis of efficiency and risk neutrality is strongly rejected. This finding suggests that markets participants require a risk premium in these markets (see El HediArouria et al., 2013). Table ( 12) presents the test results of the short-run quasi-VECM for HH. As in the case of the NBP the speed of adjustment parameter is significant (at least for the 1 and 2 months relationship) and shows the expected negative sign. This result confirms the finding of the cointegration test in Table ( 6). In line with NBP, the results of strongly indicate that again spot markets are systematically led by the futures market. However, for the 3 months futures-spot-relation we observe that and are insignificant. The test statistics of the ARCH LM and the Ljung-Box test highlight that the chosen model setup (lags of and ) fits the dynamics of the changes the spot price (∆ ) for all considered short-run relationships. ( , , , , , ) at the 10% significance level, whereas two and three asterisks indicate the acceptance at the 5% and 1% significance level. Table ( 13) reports the results of . For the 1 and 3 months short-run relationship our findings are in line with the long-run estimates, i.e., the null hypothesis of unbiasedness and risk neutrality is strongly rejected. In line with NBP, this signals that markets participants ask for a risk premium. However, for the 2 month futures-spot-relation the hypothesis of efficiency and risk neutrality is accepted (p-value = 0.2303).
Concluding, our findings for the long-and short-run UH for the considered futures and spot prices at NBP and HH reveal several interesting facts. First, futures prices and the subsequent spot prices can be considered as cointegrated which reveals that both follow a common stochastic trend, and, thus are in a long-run equilibrium relationship. Second, futures prices are biased predictors in the long-and short-run and, thus, the joint hypothesis of unbiasedness and risk neutrality has to be rejected. This finding is in line with several seminal studies ; ; Wei & Zhu (2006) ; Cartea & Williams (2008); Hobaeck-Haff et al. (2008) . Third, we highlight that past information is relevant to forecast future prices, and, thus, the information incorporated in futures contracts can be used to speculate on future spot price levels.
Predicting Future Spot Prices
Based on the former results we implement a mechanical predictor to determine the future spot price and according risk premium. For this, we allow the market participants to use all information provided within the market at a certain date which implies that we allow the parameters to vary over time.
In the following section we proxy the risk premium via the Kalman filter technique, which enables us to replace the full rational expectations assumption by the incomplete rational expectations setup. In a second step, the forecast error-the differences between the expected and realized future spot price-is determined and tested for its influencing factors and correlations with other market variables (Note 27).
Future Spot Price Modeling
In order to predict the uncertain future spot price and the unknown risk premium, we follow the approach mentioned in Bigman et al. (1983) , Fama & French (1987) , Deaves & Krinsky (1992) , Wei & Zhu (2006) , and Weron (2008) who expect that futures prices ( , ) at time for delivery at time , plus a risk premium equal the expected spot prices at time (given the information available at time ) (Note 28). This relation is given by the following equation:
Reshuffling terms and solving for the risk premium yields:
In order to extract the risk premium and use it to forecast the future spot prices, we follow the method applied in Hsieh and Kulatilaka (1982) , Pindyck (1999) , but also in Wei & Zhu (2006) . In a first step, we estimate Equation (13) in log form:
where , is the expected risk premium at time for delivery at . Moreover, denotes the spot price at time = for a certain futures maturity, and , is the futures price.
As the future spot price is unknown, the expected risk premium cannot be approximated directly. For this reason, we fit a state-space model using Kalman filter techniques (for an outstanding discussion of this approach see for example Harvey, 1993) to estimate the unobservable risk premium which captures also the dynamic behavior of the data set included (Note 29).
The state-space model of risk premium is given by the following system of equations (Note 30):
This equation is also known as the measurement equation, which represents the relation between price series and state variables. Here denotes the spot price at time = , and , is the futures price. The transition equation characterizes the dynamics of the state variables and is given by (Note 31):
where , is the expected risk premium at time − 1. Given the observable futures prices and the according expected risk premium yields to a forecast of the future spot price given by:
Forecast Error
The difference between the realized spot price ( ) and the expected spot price ( [ ]) is called the forecast error ( , ) which is given by:
The forecast error incorporates the market participants' unmet expectations (Note 32). Thus, the forecast error deems as a proxy for the dynamics and the level of efficiency of a certain market place (Note 33). Based on the forecast error we set up the following linear OLS-regression that allows us to determine the driving factors of the forecast error given as: 
These variables are exhaustively discussed and analyzed due to their impact on commodity prices and volatility. For expository convenience, we summarize the expected effective direction for this model in the following table which guides the interested reader to certain references. The variables itself are described in detail below. 
Financial Market Factors
Several articles deal with financial market factors that drive the dynamics of storable commodities (see for example Deaton & Laroque, 1992 , 1996 Routledge et al., 2000; Wei & Zhu, 2006) . Therefore, we include the financial market return ( ) and risk-free rate ( , ) of the respective country as explanatory variables in the equation to explain the forecast error.
covers the stock markets returns from the leading (national) blue chip indices of the respective countries. We refer to the FTSE 100 index for the UK and to the NYSE US 100 index for the US. The FTSE 100 is a share index and covers the stocks of the 100 companies with the highest market capitalization listed on the London Stock Exchange. The incorporation of the FTSE 100 index is crucial, due to the fact that five out of the ten largest FTSE 100 companies are related to the sectors oil, gas, and mining. The NYSE US 100 index tracks the top 100 companies traded on the New York Stock Exchange and is an important indicator for American and world economic trends. The index is diversified in 10 industry sectors and covers twelve companies related to the sectors oil and gas. As shown in Fama & French (1987) and Bailey & Chan (1993) , who incorporate the systematic risk of financial markets to measure the effect on the convenience yield, we expect a similar behavior of this variable on the forecast error. Hence, as we expect the natural gas spot prices to be positively related to the financial market return and because the risk premium can be seen as insurance premium paid in order to avoid future uncertainty, this implies that also the risk premium as well as the forecast error are expected to be positively related to the security market index.
The risk-free rate is given by the zero yield curve. Sadorsky (2002) finds that the risk-free rate has a positive and significant impact on gasoline returns. In contrast to this, Pindyck (2004) shows that the risk-free rate exerts a positive and significant impact on crude oil returns but does not affect natural gas returns. Nevertheless, although the evidence is not unambiguous, we expect the risk-free rate to affect the forecast error in a negative way.
Commodity Spillovers
The RJ/CRB index ( ) is a commodity futures index provided by Reuters which encompasses 19 different futures that are traded at international commodity forward exchanges (Note 34). As shown in Gorton & Rouwenhorst (2004) or McKenzie et al. (2004) , the index serves as an important indicator for the future development of inflation and cost trends for the manufacturing industry. We expect the RJ/CRB index to have a positive impact on the risk premium, due to the fact that higher index values indicate an increase in commodity prices. As a result, the forecast error should be affected by the commodity futures index in a similar way as the risk premium itself. If thus, the unfulfilled expectations of the market participants traces back to an unforeseen change in the overall commodity industry, this variable should show a significant sign (Note 35).
Additional, crude oil returns (denoted by ) are included, as crude oil provides the closest substitute to natural gas. Däuper (2004) and Brown & Yücel (2008) pointed out that natural gas prices do not only react to changes in inventory levels and the weather (natural gas market analysts stress that these factors are the main drivers), but also react sensitively to changes in close substitutes, as for example oil prices or petroleum prices. This may be due to the coupling of oil and gas prices in several retail contracts. As a consequence, we assume that crude oil returns have a positive impact on the forecast error. In addition to the crude oil return, the variance of oil ( ) may also play a certain role for the forecast error. Therefore, we include , representing the recursive sample volatility of crude oil, and expect a positive impact on the forecast error which is also in line with Däuper (2004) and Brown & Yücel (2008) .
Market Liquidity and Trading Volume
The liquidity of the market is captured by . Following Sarr & Lybeck (2002) , liquidity measures can be differentiated into four different groups-a) transaction cost measures, b) volume-based measures, c) equilibrium price-based measures and d) marketimpact measures. Driven by data availability constraints, we focus on the volume-based measure, which provides insights whether the markets' liquidity affects the forecast error. In case we observe forecast errors which are unequal to zero, the market is said not to be efficient. Hence, we expect that the higher the level of market liquidity, i.e. the smaller the spread, the lower the forecast error which speaks in favor of a positive sign.
For the liquidity measure, we refer to the Lui-Heubel liquidity ratio, which is calculated by:
with and giving the maximum and minimum prices of a certain date and and giving the volume variables determining the traded volume and the amount outstanding. Here, ⁄ can simply be seen as the turnover of the certain product. Among others, Sarr & Lybeck (2002) concluded that a single measure alone is not able to tell the whole story on the liquidity of a certain market. Thus, we also include to unfold the influence of liquidity on the forecast errors in the OLS-regression. Our expectations regarding the impact of are in line with the sign of the LuiHeubel liquidity ratio, i.e., we expect a positive sign.
Seasonalities and Storage Effects
Additional to these explanatory variables we include a storage announcement dummy ( ) which is set equal to 1 on the day storage information is released, and 0 otherwise. In line with Linn & Zhu (2004) , we expect the forecast error to be negatively affected by the announcement of storage levels, i.e. more information in the market is said to reduce uncertainty and, therefore, also the according forecast error.
Finally, as natural gas is a commodity that is clearly driven by seasonal variations in demand, we incorporate two seasonal dummies, one for the autumn and one for the winter months (Note 36). We expect the seasonal dummy variable to exert a positive (negative) impact on the forecast error as in autumn (winter) storage of natural gas becomes less (more) important than in other seasons. This is for example shown in Fama & French (1987) or Cartea & Williams (2008) , who ascribe this finding to the existing seasonalities in production and demand (Note 37).
Empirical Results on Spot Price Predictions
In the following section, we provide the results of the expected future spot price and the forecast error for each hub.
Risk Premium Results
For NBP, the expected (or also titled ex-ante) risk premium for all maturities shows positive and negative values as suggested by the minimum and maximum values given in Table ( 15) . With increasing maturity the average (negative) risk premium implied in the market increases in absolute terms.
jms.ccsenet.org Journal of Management and Sustainability Vol. 7, No. 2; For HH, the descriptives of the forecasted expected risk premium are given in Table ( 16) . We find that the ex-ante risk premium for HH exhibits positive and negative values, similar to the findings for Europe. Concluding, the average risk premium estimates for Europe and HH are negative for all maturities (this is in line with Movassagh and Modjtahedi, 2005) . Regarding the term structure of NBP, we observe that, as the time to maturity increases, the volatility (in absolute terms) increases. For HH, we see that, as the time to maturity increases, the volatility (in absolute terms) evolves rather stable whereas the mean increases. Overall, our findings for NBP are not in line with the results derived by Cartea & Williams (2008) for the UK natural gas forward market. In addition, these findings once more emphasis that futures prices are biased predictors of the future spot prices.
Explaining the Forecast Error-Results and Descriptives
In line with our results from Section (4), we observe non-zero forecast errors which are shown together with the descriptive statistics in Tables (17) and (18). jms.ccsenet.org Journal of Management and Sustainability Vol. 7, No. 2; We observe that the volatility of the forecast error at NBP lies well below the according variability in the forecast error values of HH which is also true for the implied mean.
Moreover, the volatilities for all contracts and across all hubs are above the means (in absolute terms). As mentioned earlier, market participants are not able to build perfect expectations, i.e., differently spoken, this means that not time per se seems to exert an impact on the forecast power of the model introduced. Tables (17) and (18) further imply the existence of excess kurtosis across all hubs and maturities.
Overall, the price evolution of the realized spot price and the expected spot price is rather close, which implies that investors' ex-ante forecasts of the risk premium are close to the realized market price of risk implied in a certain market. The forecast error resulting from the mechanical predictor offered by the Kalman filter setting shows that the predicted values fluctuate around the realized expected spot prices, such that no clear statement can be given whether there is a significant over or underestimation of the expected spot price. Therefore, in the next step, we have a closer look on possible driving factors on the forecast error. Tables (19) and (20) report the outcomes of the OLS-regression which provide insight into factors that influence the differences between expected spot price ( [ ]) and realized spot price ( ) obtained for the different trading places (Note 38). For NBP, we observe that for the forecast errors resulting from the different futures' maturities at least one of the two included seasonal dummies exerts a significant impact (for the three months maturity both show a significant impact). From the market variables that assist the analysis of the impact of the overall economic situation, i.e. the CRB index, and the risk-free rate, also at least one variable turns out to significantly affect the forecast error. While for shorter maturities the liquidity measure affects the forecast error, for longer maturities (three months) crude oil becomes important. However, the signs of the significant variables show an effective direction opposed to our expectations (Note 39). This indicates that the information processing when expectations on risk premium are build is not perfect or unbiased, which thus, results in a forecast error. A similar line of reasoning holds for the variables that show the expected effective direction. For these, the information processing works in the correct direction, however, the information processing does not sufficiently transform the information given into an appropriate price signal.
Explanatory Variables
For HH, we observe a slightly different picture. The seasonal dummies only affect the two months forecast error. jms.ccsenet.org Journal of Management and Sustainability Vol. 7, No. 2; For all forecast errors, the CRB index shows a significant impact with effective direction opposed to our expectations. All other variables that turn out to be significant show the expected sign (besides for the one month forecast error). Also in line with NBP, at least one market variable affects the forecast error. However, additional to the CRB index, the risk-free rate and the market return are significant. Similar to the results for NBP for the shorter maturities we observe a significant impact of the liquidity measures.
Concluding Remarks
In this paper, we analyzed the US and UK natural gas futures market, represented by one, two, and three months contracts traded at NBP and HH. In a first step, we investigated whether futures prices are unbiased predictors of future spot prices. For this, we applied the Johansen Full Information Maximum Likelihood approach to test for a common stochastic trend in futures and spot prices. Following this, we implemented a test design to determine whether or not the considered markets can be viewed as unbiased in the short-and long-run. In a second step, we allowed market participants to form expectations on the future spot prices with respect to a mechanical predictor given by the Kalman filter procedure. Last, we analyzed the differences between realized and expected future spot price, also known as forecast error, and studied its relationship to other market variables.
Our results indicate that futures and spot prices are non-stationary for all considered contract maturities at NBP and HH. Nevertheless, they are cointegrated with order one which highlights that futures and spot prices share a common stochastic trend and are in a long-run equilibrium. Furthermore, the UH is rejected for both natural gas trading hubs. More specifically, results argue (at least in most cases) in favor of the existence of a risk premium. This is consistent with results, for example, from and Hobaeck-Haff et al. (2008) . Moreover, we illustrated that past information is relevant to forecast future prices and, thus, should be incorporated to increase the predictive performance of the model. Hence, market participants can use this information to build profitable trading strategies. Nevertheless, as mentioned previously with respect to the model chosen it cannot be concluded that one market is less efficient than the other (see Kellard et al., 1999) .
In order to approximate for the future spot price and the according risk premium implied in the European and North American natural gas markets, we implemented a mechanical predictor via Kalman filtering procedures. Based on these results, we analyzed the difference between the forecasted and realized spot prices at the futures' maturity, i.e., the forecast errors which give insight into problems to predict future spot prices given the current futures price and information set. The strong predictive power of the forecast method chosen became immediately evident as the average of the forecast error is close to zero. Furthermore, this fact is a strong indication that futures contracts are good predictors for the futures spot price, even though they are biased. In addition, the OLS-regression on the forecast errors illustrated that some of the variables included explain parts of the forecast error, its bulk part remains unexplained which may be ascribed to biased expectations, incomplete or defective information or information processing or market frictions inherent in the trading places covered. As for example mentioned in Fama & French (1987) , Fama & French (1988 ), or Neumann et al. (2008 who state that the resulting biased expectations may be related to the lack of efficiency caused by the restricted storage market.
What does that mean for market participants and their trading strategies?
In general, in an efficient market, expectations should be based on all necessary information provided in the market. In this case, the ex-ante risk premium should be in line with the realized premium and, thus, no forecast error should be observable. We find that futures and spot prices at both, the European and US-natural gas markets can be seen as biased. However, the forecast error is quite small and expected premia oscillates around the realized counterparts. These findings are consistent with previous literature and constitute that futures are biased predictors of the subsequent spot prices and the relevancy of past information. Additionally, our model also suggests in both markets forecast errors which imply additional costs for hedging and diversification (as indicated in Chang (1985) , Fama & French (1987) , Fama & French (1988) , Roon et al. (2000) , or Neumann et al. (2008) ).
Overall, our findings give insights into the fact that the differences between the European and the American market are not tremendously large. However, in both markets, the information processing and the forecasting power leaves room for improvements. The fact that the European natural gas market is still emerging (i.e., regulations, storage access) may hinder the exploitation of clear trading strategies, such that the reduction of market frictions is the utmost important task for policy makers. In order to do so, a more opened and European wide legal framework is needed, especially, as a natural monopoly (infrastructure) is included. Also the existence of different, although connected national networks requires further assessment in cross border trading and reductions of cross border congestion and frictions. As also mentioned in Kremser & Rammerstorfer (2016) , the market coupling and opening is an important basis for the price integration of different trading places and the Note 39. Besides for the one month maturity and the risk-free rate for the forecast error resulting with respect to the forecast of the spot rate in three months. 
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